R6sum6 -Des couches endommagdes par implantation ionique, 2 forte dose, dans GaAs ont 5tE reconstruites 2 l'aide d'un laser Ruby pulsS (nsec), d'un laser Nd-YAG puls6 (psec) ou d'un systsme de lampes 21 halogsne. La reconstruction du r6seau cristallin par ces diffSrentes techniques de recuit rapide est StudiEe par diffusion Raman des phonons.
INTRODUCTION
Lasers, electron beams or incoherent lamps provide a way to locally heat the surface of an implanted semiconductor. A rapid local heating followed by a fast cooling after irradiation are induced by these different beams (transient annealing) and both crystal recovery and dopant activation are obtainable during an annealing cycle. These techniques are widely used in Silicon Technology. Gallium Arsenide which contains two different kinds of atoms is more chemically unstable than Silicon and surface degradation is more likely to occur at high temperatures.
Raman scattering by phonons is an unique tool for characterization, after an annealing cycle, of the lattice reconstruction, the surface degradation as well as the nature (donors or aceptors) and concentration of dopants introduced by implantation.
LIQUID PHASE RECRYSTALLIZATION
Two kinds of laser pulses have been used : a Q-switched Ruby laser (25ns) and a picosecond (30 ps) pulse from a mode-locked Neodynium : Yttrium Garnet laser. It is believed that melting of the implanted layer occurs under irradiation, followed by a liquid phase epitaxial regrowth.
a -STUDY OF THE LATTICE RECONSTRUCTION BY THE RUBY LASER :
A set of two different Indium ion implantations have been performed in (001) GaAs scbstrates to obtain an uniform distribution of defects over 1000 A from the surface one at 330 KeV (dose 3x10'~ cmd2) and the other at 170 KeV (dose 1.5 1 0 ' ' cm-2). Such bombardment conditions allow the formation of an amorphous layer of thickness larger than the argon-ion laser radiation (5145x1 used to perform the Raman measurements.
The scattered light interesity I ( w ) of an amorphous material is given [ is taken constant for highcrwvalues in GaAs. The amorphous GaAs spectrum at room temperature is represented in Fig 1  (uppest curve) . Two main bands can be distinguished : one which corresponds to the modes belonging to the transverse acoustic branche and the other which is associated to the frequency range of the optical branches in the crystal. The amorphous density of states which appears on this spectrum is very similar to that of the corresponding crystal (Fig 2) but broadened by a convolution with a Gaussian factor of the order of 25 cm-I (Ref 3). The first band peaks at the frequency corresponding to the transverse acoustie branch at the Brillouin zone edge and is labelled DATA (Disorder Activated Transverse Acoustic band). The similarities between the density of states of amorphous and crystalline GaAs are due to the conservation of the short-range order of the crystalline phase and the near-neighbor character of the atomic interaction. 
An i r r a d i a t i o n w i t h o f a Ruby l a s e r p u l s e of 0.6 J/cmZ allowed complete r e c o n s t r u ct i o n of t h e c r y s t a l s i n c e t h e spectrum of t h e annealed sample ( l o w e s t c u r v e of F i g 1 ) i s v e r y s i m i l a r t o t h e one o f t h e GaAs c r y s t a l (LO l i n e a t 292 cm-I and a s m a l l TO a t 269 cm-I owing t o d e p a r t u r e from s t r i c t b a c k s c a t t e r i n g ) . T h e LO l i n e c o r r e sponds t o t h e h i g h e s t phonon energy of t h e d i a g r a m of t h e c r y s t a l d e n s i t y of s t a t e s .
It i s c l e a r on F i g 1 t h a t t h e DATA becomes l e s s and l e s s a c t i v e w i t h i n c r e a s i n g val u e s W of t h e d e n s i t y of energy of t h e Ruby p u l s e and p r a t i c a l l y d i s a p p e a r s f o r W = 0 . 6~/ c m~. T h e h i g h energy Raman peak of amorphous GaAs s p l i t i n t o two l i n e s which we c a l l LO-like and TO-like a s t h e i r f r e q u e n c y , w i d t h and i n t e n s i t y t e n d t o t h e LO and TO o f t h e c r y s t a l a s t h e l a t t i c e is r e c o n s t r u c t e d . More p r e c i s e l y a s t h e long-range o r d e r i s r e s t o r e d t h e LO-like and TO-like s h i f t t o h i g h e r f r e q u e n c i e s , t h e i r width d e c r e a s e s w h i l e t h e LO-like i n t e n s i t y i n c r e a s e s d r a s t i c a l l y w i t h r e s p e c t t o t h e i n t e n -s i t y of t h e TO-like.
b -STUDY OF THE MULTIANNULAR PATTERN PRODUCED BY A PICOSECOND LASER The l a t t i c e r e c o n s t r u c t i o n depends on
S i n g l e p u l s e s of o v e r a g e d u r a t i o n 27 p s a t 1.06pm were e x t r a c t e d from a mode locked Nd : YAG l a s e r [s] and were used f o r a n n e a l i n g . The samples were GaAs (001) s u b s t r at e s amorphized w i t h Te i o n s a t a dose o f 1 x 1015/cm2 and a t an energy of 250 KeV. The amorphized l a y e r was about 1000 Z( t h i c k n e s s . The g a u s s i a n l a s e r beam was f o c u s e d on t h e sample a t a d i a m e t e r of 450 pm.
The a n n e a l e d s p o t i s composed of c o n c e n t r i c r i n g s [5] of d i f f e r e n t c o n t r a s t which c a n be viewed under a c o n v e n t i o n a l Normarski o p t i c a l microscope. T h i s m u l t i a n n u l a r p a t t e r n i s p r o b a b l y due t o a m u l t i p l e m e l t i n g -r e s o l i d i f i c a t i o n p r o c e s s [6,7] d u r i n g t h e p u l s e d u r a t i o n . The b e s t o p t i c a l c o n t r a s t was o b t a i n e d a t 1 . 5 J/cm2,above t h e damage t h r e s h o l d of t h e s u b s t r a t e and t h e annealed s p o t was degraded a t t h e c e n t e r ( s e e F i g 3 l e f t t o p e d g e ) . Raman s c a t t e r i n g measurements were performed u s i n g a microprobe and t h e i n c i d e n t l a s e r was focused on a 1 jm-diam s p o t scanned a c c r o s s t h e a r e a i r r ad i a t e d by t h e picosecond p u l s e . A l l t h e s p e c t r a a r e t a k e n i n t h e same e x p e r i m e n t a l c o n d i t i o n s . The f i r s t r i n g s u r r o u n d i n g t h e damaged c e n t e r is e s s e n t i a l l y r e c r y s t a ll i z e d but t h e LO peak i s downshifted by 2 cm-l. Furthermore a v e r y s m a l l peak app e a r s a t 267 cm-I which i s a s s i g n e d t o t h e TO mode and is p r o b a b l y a consequence of a s l i g h t d i s o r d e r o r m i s o r i e n t a t i o n . The s p e c t r a (C) and (D) o b t a i n e d from t h e o t h e r r i n g s of t h e p a t t e r n a r e c l e a r l y i n t e r m e d i a t e s t a t e s between c r y s t a l l i n e (A) and amorphous (E) GaAs. One can n o t i c e t h e s t r i k i n g s i m i l a r i t i e s hetween t h e l i n e s of (C) and (D) and t h e TO-like and LO-like of F i g 1. Then t h e r e g i o n D a p p e a r s more ord e r e d t h a n t h e r e g i o n C and t h e annealed p a t t e r n i s c l e a r l y formed of r a t h e r o r d e r e d and r a t h e r d i s o r d e r e d r i n g s . SOLID PHASE RECRYSTALLIZATION-HOLOGEN LAWS ANNEALING
When a C.W. l a s e r o r an i n c o h e r e n t lamp i s u s e d , t h e a n n e a l i n g mechanism i s u s u a l l y a s o l i d phase e p i t a x i a l regrowth which proceeds a t r a t e s comparable t o t h o s e o b t a i n e d f o r c o n v e n t i o n a l t h e r m a l a n n e a l i n g . The r o l e of t h e l a s e r and t h e lamp i s o n l y t o h e a t t h e implanted r e g i o n t o a t e m p e r a t u r e (1000-1300C) h i g h enough t o induce s o l i d phase regrowth.
A system [8] of two 150 W h a l o g e n e lam s have been b u i l t i n t h e l a b o r a t o r y i n o r d e r t o a n n e a l implanted GaAS samples (lx10P5 Te ions/cm2 a t 250 KeV) ; c o n t a c t prot e c t i o n of t h e s u b s t r a t e was o b t a i n e d by mounting t h e sample i n a sandwich c o n f i g u r at i o n between a s i l i c o n p l a t e and a q u a r t z p l a t e . The r e c o n s t r u c t i o n of t h e l a t t i c e by i r r a d i a t i o n was accompagnied by a s l i g h t s u r f a c e d e g r a d a t i o n evidenced by t r a c e s of c r y s t a l l i n e As. The p r e s e n c e of A s c a n be a t t r i b u t e d e i t h e r t o a n e v a p o r a t i o n and r e c r y s t a l l i z a t i o n of As a t t h e s u r f a c e of t h e sample due t o t h e confinement .
Raman s c a t t e r i n g a l l o w s a s i m u l t a n e o u s s t u d y of t h e l a t t i c e r e c o n s t r u c t i o n and t h e s u r f a c e d e g r a d a t i o n . S e v e r a l i r r a d i a t i o n times have been s e l e c t e d between 5 and 4 5 s . The p r e s e n c e o f c r y s t a l l i n e As d e t e c t e d by t h e two f i r s t -o r d e r Raman l i n e s A1 and E was c l e a r l y an i n c r e a s i n g f u n c t i o n of t h e e x p o s u r e time. Yet, t h e As l a y e $ a t t h g s u r f a c e was t h i n enough t o a l l o w t r a n s m i s s i o n of i n c i d e n t and s c a t t e r e d phot o n s from t h e implanted r e g i o n . The b e s t o p e r a t i n g c o n d i t i o n s f o r Halogen lamps ann e a l i n g were o b t a i n e d f o r a time exposure t of 30s f o r which t h e i n t e n s i t y of t h e LO was maximized (60 % o f t h e i n t e n s i t y of a c r y s t a l l i n e r e f e r e n c e . For t > 30s ( F i g 4 )
t h e LO d e c r e a s e s w h i l e t h e As l i n e s c o n t i n u e t o i n c r e a s e v e r s u s t . For t < 30s both t h e As l i n e s and LO d e c r e a s e .
CONCLUSION T h i s is a n e x p e r i m e n t a l s u r v e y of t r a n s i e n t a n n e a l i n g of implanted amorphous l a y e r s o f GaAS. The r a p i d i r r a d i a t i o n s o u r c e s used induced e i t h e i r a m e l t i n g followed by a r e c r y s t a l l i z a t i o n , o r a complete s o l i d phase regrowth. The Raman a c t i v e modes a r e s t u d i e d i n t h e t r a n s f o r m a t i o n amorphous-crystal. The s t u d y have evidenced TO-like and LO-like nodes a s s o c i a t e d w i t h i n t e r m e d i a t e s t a t e s . The n a t u r e of t h e s e i n t e r m e d i a t e s t a t e s i s n o t y e t e l u c i d a t e d ( a r e t h e y p o l y c r y s t a l l i n e a g r e g a t e s ?) Only t h e u s e of o t h e r t e c h n i q u e ( e l e c t r o n i c microscopy f o r i n s t a n c e ) could b r i n g an answer. The f a c t t h a t no coupled LO phonon plasmon modes appeared i n t h e s p e c t r a of Te implanted GaAs i n s p i t e of t h e good r e c o n s t r u c t i o n of t h e l a t t i c e a f t e r a n n e a l i n g by Halogen lamps i n d i c a t e s t h a t no s i g n i f i c a n t e l e c t r i c a l a c t i v a t i o n h a s been o b t a i n e d .
